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A recent  proposal  by  Prot  suggests  that  both  the  expanse  and 
the  duration  of  fatigue  testa  nay  be  lessened  by  a progressive  load 
method  which  ocnslsts  of  subjecting  a test  specimen  tc  a completely 
reversed  stress  whose  amplitude  increases  regularly  with  time  until 
the  specimen  fails.  By  assuming  (a)  that  the  ordinary  S-N  curve, 
when  plotted  on  a linear  scale,  becomes  an  approximate  hyperbola 
which  is  asymptotic  to  the  vertical  axis  and  to  the  endurance  limit, 
ana  (b)  that  the  material  is  not  affected  by  the  completely  reversed 
stress  until  the  amplitude  of  the  stress  is  greater  than  the  endur- 
ance limit,  Prot  shows  that  the  stress  at  failure,^,  may  be  ex- 
pressed as 


E + Ka 


0.50 


where  E is  the  endurance  limit,  K is  a constant  for  a particular 
material  and  a is  the  loading  rate  usually  in  psi/cycle.  Plotting 
as  a function  of  o0,^°,  a straight  line  results;  the  intersection 
of  this  line  with  the  stress  axis  indicates  the  value  of  the  endur- 
ance limit,  A logical  modification  of  the  above  formula  proposed  by 
Henry  is  1 

Sp  - S + Ka  ®TT 

where  m is  a oonstant  dependent  on  the  material. 

In  this  paper  the  validity  of  the  above  equations  has  been  in- 
vestigated for  two  materials,  ingot-iron  and  75S-T  aluminum  alley. 
Conventional  fatigue  test  data  were  also  obtained  for  comparison  with 
the  values  of  E predioted  by  the  progressive  loading  tests.  In  gen- 
eral, it  was  found  that  the  exponent  of  a that  gave  the  best  approxi- 
mation to  a linear  plot  of  the  experimental  data  was  rot  0,50  but 
approximately  0,371  and  0.1786  for  the  ingot-iron  and  75S-T  aluminum 
alloy,  respectively,  Further,  the  value  of  the  ssduranoe  limit  for 
these  materials  as  determined  by  the  above  equations  was  affected  by 
completely  reversed  stresses  whose  amplitudes  were  smaller  than  the 
endurance  limit,  Nevertheless,  the  method  has  certain  Inherent  ad- 
vantages of  correlating  the  data  for  every  specimen  tested  to  deter- 
mine tho  most  probable  endurance  limit.  Further  studies  are  there- 
fore being  made  cf  the  method  that  will  be  reported  at  a later  date. 
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I,  INTRODUCTION 

At  present  the  conventional  method  used  tc  evaluate  the 
fatigue  otrength  of  material  involves  the  determination  cf  the 
fatigue  life  of  a number  of  specimens,  each  of  which  is  subjected 
to  repeated  leading  at  a different  stress  level.  Prom  the  S-N 
diagram  thus  obtained  the  endurance  limit  of  the  material  is  esti- 
mated, Another  method  which  is  sometimes  employed  when  only  a few 
expensive  specimens  are  available  consists  of  testing  at  some  low 
stress  level  for  a predetermined  number  #f  cycles  of  stress.  If 
the  specimens  do  net  fail  at  this  stress  level  before  the  prede- 
termined number  of  cycles,  the  stress  level  is  raised.  The  test- 
ing is  continued  in  this  manner  until  failure  occurs.  The  lowest 
stress  level  at  which  failure  occurs  is  considered  the  endurance 

limit.  The  predetermined  number  of  cycles  for  each  stress  level 
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is  usually  set  at  about  10  for  steel  and  10  for  aluminum. 

In  recant  years  It  has  become  increasingly  apparent  that  these 
methods  are  costly  and  time  consuming.  As  a result,  various 
attempts  to  eliminate  theae  objectionable  features  in  the  evalua- 
tion of  fatigue  strength  have  been  undertaken. 

It  is  clear  that  the  time  required  in  the  general  methods  of 
fatigue  strength  determination  can  be  reduced  by  the  use  of  several 
testing  machines  or  multi-head  machines.  However,  the  cost  of  num- 
erous or  multi-head  machines  cay  be  excessive,  This  is  particu- 
larly true  when  testing  large  specimens  or  full-sited  components. 

In  addition,  the  number  ef  specimens  required  in  conventional 
fatigue  tests  frequently  makes  the  expense  of  large  models  prohibi- 
tive. 

Another  obvious  method  of  reducing  the  time  required  would  be 
to  increase  the  speed  cf  the  testing  machines;  it  has  been  estab- 
lished experimentally,  within  certain  limits,  that  the  frequency  of 
stressing  has  little  influence  on  the  endurance  limit.  However  be- 
cause of  the  mechanical  limitations,  it  does  not  appear  that  the 
duration  of  the  tests  can  be  reduced  significantly  in  this  manner. 

A further  objection  is  that  metals  with  appreciable  hysteresis  ef- 
fect develop  excessive  heat  from  high  frequency  stressing.  In  cases 
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of  high  hysteresis  materials,  it  is  sometimes  preferable  not  to  ex 
ceed  2000  cycies/min.  These  factB  place  a limit  upon  the  speed  of 
tescing  as  a satisfactory  means  of  reducing  the  time  element  in 
fatigue  testing. 

Recently,  Prct  (1)*  proposed  a new  method  of  fatigue  testing 
tc  remedy  the  two  objectionable  features  of  the  ordinary  fatigue 
tests.  The  Fret  method  consists  of  submitting  specimens  to  a re- 
versed stress,  whose  amplitude  increases  regularly  with  time.  Ac- 
cording to  Prct,  within  the  limits  of  the  basic  assumptions  of  the 
theory,  the  method  ia  completely  independent  of  materials  tested, 
method  of  testing  (rotating  beam,  plane  flexure,  etc.)  or  method 
of  applying  load.  The  stress  may  be  increased  according  tc  any 
function  of  time,  a linear  function  being  chosen  primarily  because 
of  its  simplicity, 

In  theory**  the  Prct  method  is  based  on  the  assumption  that 
the  ordinary  S-N  curve,  when  plotted  on  a linear  scale  becomes  an 
approximate  hyperbola  which  is  asymptotic  to  the  vertical  axis  and 
to  the  endurance  limit.  Prom  this  basic  assumption,  Prot  shows 
that  the  stress  at  failure,  may  be  expressed  as 

m E + K /3T  Eq.  1 

##• 

where  E is  the  endurance  or  fatigue  limit  , K is  a constant  for 
a particular  material  and  a is  the  loading  rate  (psi/cycle).  Thus 


Hunberfl  in  parentheses  refer  to  the  references  listed  in  the 
Bibliography, 

**  See  Appendix  A. 

### 

Pot  materials  having  S-N  diagrams  consisting  of  two  straight 
lines  one  cf  which  is  parallel  to  the  N-axis,  the  endurance 
limit  as  determined  by  Prct'*  method  and  by  the  conventional 
method  are  equivalent,  For  materials  such  as  aluminum  alloys 
whioh  exhibit  S-N  diagrams  that  are  non-linear  (and  with  no 
tangent  parallel  to  the  N-axis),  the  endurance  limit  determined 
by  the  Prot  method  corresponds  to  a fatigue  strength  at  an  in- 
finite number  of  cycles,  Hence  in  this  paper,  regardless  of 
type  material,  the  value  E as  determined  in  the  Prot  method  will 
be  called  the  endurance  or  fatigue  limit. 


to  detannine  the  fatigue  strength  for  any  material  theoretically, 
it  is  necessary  only  to  determine  the  failure  stress,  S^,  for  two 
different  loading  rates,  a.  Practically,  beoauae  cf  "scatter”,  it 
is  usually  necessary  to  test  at  several  different  leading  rates  a. 
Such  a method  would  greatly  reduce  the  time  required  to  determine 
the  endurance  limit  and,  in  the  case  of  large  models,  would  greatly 
reduce  the  number  (and  cost)  of  specimens.  Furthermore  the  data 
from  all  specimens  are  utilized  in  the  final  determination  of  the 
most  probable  value  of  the  endurance  limit,  2,  However  it  should 
be  emphasized  that  the  Prot  method  is  applicable  only  to  the  deter- 
mination of  a fatigue  strength  corresponding  to  a very  long  fatigue 
life;  the  method  is  net  applicable  to  the  determination  of  the 
"finite  life"  strengths  corresponding  to  the  upper  portion  of  the 
conventional  S-N  curve, 
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II,  PURPOSE  ANT  SCOPE 

A laboratory  study  was  made  to  investigate  the  accuracy  cf 
the  Prot  accelerated  method  as  compared  with  the  conventional  S-N 
diagram  for  determination  of  the  fatigue  strength  of  metals.  Some 
doubt  exists  as  to  the  adequacy  of  the  theory  on  which  Eq,  1 is 
based  (particularly  for  metals  which  may  ’’coax"  during  the  test), 
For  example,  a more  general  form  of  Sq,  1 is 

SR  * E + Kan  Eq,  2 

in  which  the  exponent,  n,  may  be  computed  from  experimental  data 
( see  Appendix  B) , 

Thus,  it  was  also  desired  to  investigate  several  modifications 
of  the  Prot  theory  to  determine  an  optimum  method  of  interpreta- 
tion of  the  experimental  data,  Sufficient  tests  were  run  to  indi- 
cate the  relative  "scatter"  in  fracture  stress  and  thus  to  Indicate 
the  variability  to  be  expected  from  the  Prot  method. 

In  order  to  appraise  the  effect  of  widely  different  metals, 
Armco  ingot-iron  was  teated  as  representative  of  a metal  with  a 
definite  fatigue  limit,  whereas  75S-T  aluminum  alloy  was  utilized 
as  a non-ferrous  metal  exhibiting  no  clear-cut  fatigue  limit, 

Three  groups  of  experiments  were  conducted  for  each  of  these 
metals,  namely;  (a)  conventional  fatigue  tests  at  constant  stress 
amplitude;  (b)  tests  with  a uniform  increase  in  loading  rate  a, 
starting  from  a relatively  low  initial  stress;  (o)  tests  similar  to 
(b),  but  starting  from  a relatively  high  initial  stress  level.  The 
initial  stress  levels  were  10,000  and  30,000  psi  for  the  ingot-iron 
and  were  10,000  and  20,000  psi  for  the  aluminum  alloy. 

This  report  has  been  prepared  as  Part  I of  a more  general  ap- 
praisal of  the  Prot  method;  further  studies  are  beirg  conducted 


The  fatigue  resistance  of  some  metals  may  be  improved  by  under- 
stressing  followed  by  a process  of  gradually  increasing  the  am- 
plitude cf  the  alternating  stress  in  small  increments,  a proce- 
dure ordinarily  called  "coaxing",  (5) 
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of  other  metals  and  will  include  the  Influence  of  other  variables 
such  as  the  presence  of  a stress  raiser  in  the  fore  of  a seal- 
circular  notch.  It  is  anticipated  that  a later  report  (Part  II) 
will  he  prepared  'under  the  same  title  to  summarize  more  completely 
a final  appraisal  of  the  Prot  method,  It  was,  however,  felt  desir- 
able to  outline  at  this  time  the  results  of  the  preliminary  experi- 
ments in  this  report. 
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III.  MATERIALS  A NT  METHOD  OP  TESTING 

. The  753-T  was  received  In 

the  form  of  7/S M round  rolled  rod  end  the  ingot -iron  in  5/S w diam- 
eter  hot  rolled  bars.  The  fatigue  specimens  were  saohined  to  the 
dimensions  shown  in  Pig.  lj  the  test  pieces  were  not  given  any  sub- 
sequent heat  treatment.  The  teat  Motions  of  the  fatigue  specimens 
were  finished  with  2/0  emery  polishing  paper  in  accordance  with 
previously  established  procedures  (6). 

Tests  were  conducted  in  rotating  cantilever  beam  machines  of 
the  type  utilised  in  past  work  (2).  The  gradual  increase  in  load- 
ins  was  accomplished  by  means  of  water  supplied  from  a standpipe 
which  maintained  a constaot  pressure  on  a needle  control  valve;. 

The  water  passed  through  the  needle  control  valve  into  a container, 
and  this  water  load  was  transmitted  through  a spring  to  the  free 
end  of  the  cantilever  specimen.  Automatic  shut-off  of  the  water 
flow  was  effected  by  meane  of  a solenoid  valve  which  closed  when 
the  specimen  failed  (Pig.  2), 

Two  series  each  of  the  iron  and  of  the  aluminum  specimens  were 
tested  with  uniform  increase  in  load.  Each  series  consisted  of 
from  22  to  22  specimens j in  general,  two  or  more  specimens  were 
tested  at  several  different  values  of  loading  rets.  Conventional 
tests  under  oonetant  loed  were  also  complete]  for  each  metal. 
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IV*  RESULTS  OP  TESTS  AND  DISCUSSION 

In  general  the  data  indicate  that  the  fracture  etreas  was  not 
always  a linear  function  of  a°'^ae  Indicated  by  Eq.  1,  Hence  It 
was  found  desirable  to  replot  the  data  in  accordance  with  Eq.  2, 
and  to  aeleot  values  of  the  exponent,  n,  of  the  loading  rate  that 
would  result  in  a linear  relationship  between  S?  and  an.  This  then 
permits  an  extrapolation  of  the  data  to  values  cf  a - 0,  at  which 
abscissa  the  ordinate  represents  the  endurance  limit,  E,  The  ori- 
ginal theory  on  which  the  Prot  method  is  based  la  discussed  In  Ap- 
pendix A and  the  modified  theory  in  Appendix  B.  The  test  data  for 
each  method  have,  therefore,  been  plotted  in  terms  of  two  differ- 
ent values  of  n to  show  the  deviations  from  the  original  Prot 
theory  in  method  of  plotting  the  results. 

The  results  are  shown  in  graphic.  ’ form  in  Pigs,  3 to  10.  In 
these  figures  a straight  line  has  been  drawn  in  to  indicate  the 
relationship  represented  by  Eq.  1 or  Eq,  2 and  to  determine  the 
value  of  fatigue  limit  by  extrapolation  as  indicated  above.  The 
looation  of  these  lines  hae  been  determined  by  use  of  the  principle 
of  "least  squares"  (7)  to  obtain  a best  fit  to  the  experimental 
data. 

In  Pigs.  3 and  4 the  data  for  ingot-iron  are  plotted  with  the 
exponent  of  the  loading  rate  taken  as  0,371  , and  for  initial 
stress  levels  of  10,000  and  30,000  psi.  The  values  of  the  endur- 
ance limit,  2 (observed  as  the  ordinate  at  a » 0)  for  the  ingot- 
iron  for  this  exponent  ere  >5,400  and  >6,200  psi  for  initial  stress 
levels  of  ac  - 10,000  and  c0  - 30,000  psi,  respectively. 

In  Pigs,  5 and  6 the  same  data  are  plotted  but  with  the  expon- 
ent of  the  loading  rate  as  0,50  as  suggested  by  Prot,  and  the 
values  of  the  endurance  limit  were  36,700  and  38,500  psi  for  ini- 
tial stress  levels  o0  •=■  10,000  and  30,000  psi  respectively. 

Good  straight-line  plots  of  the  data  were  obtained  with  both 
the  0,371  and  0,50  power  exponents;  the  variation  of  the  endurance 
limit  in  the  two  cases  being  1,300  pil  and  2,300  psi  for  the  ini- 
tial stress  levels  of  10,000  psi  and  30,000  psi,  respectively. 


* 


See  Appendix  B, 
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Thus  it  appears  that  the  value  of  the  endurance  limit  cf  ingot-iron 
as  determined  by  the  Prot  method  ia  sensitive  to  both  the  exponent 
of  the  leading  rate  and  to  the  initial  stress  level  at  which  leading 
was  started,  A change  cf  34. in  the  exponent  of  the  leading  rate 
resulted  in  changes  of  the  endurance  limit  amounting  to  3.6776  and 
6.35£  for  initial  stress  levels  of  10,000  and  30, 000  pel,  Changing 
the  initial  stress  level  from  10,000  to  30,000  psi  resulted  in  an 
increase  in  the  endurance  limit  of  2.26#  and  4,90£  for  the  0,371 
and  C.pO  exponents,  respectively, 

Under  high  rates  of  increase  in  load,  the  ingot-iron  exhibited 
a tendency  to  yield  before  a visible  fatigue  crack  appeared.  Occa- 
sionally yielding  occurred  in  a specimen  tested  at  a lower  rate  of 
loading  for  whioh  other  specimens  failed  by  fracturing  as  indicated 
in  Pig.  7. 

In  Pigs,  8 and  9 are  plotted  the  conventional  3-N  curves  for 
the  ingot-iron  tested  under  constant  stress  amplitude  (a  - 0),  These 
data  (plotted  with  open  circles)  indioate  the  fatigue  limit  to  be 
about  >4,000  psi  as  compared  with  the  values  of  35,400  to  36,200 
predicted  b7  the  Prot  method.  Thus  the  method  appears  to  give  a 
close  approximation  to  the  ordinarily  accepted  methods  and  is  within 
the  scatter  that  might  be  expected  upon  successive  retesting,  (In- 
cidentally, previous  conventional  tests  on  another  type  of  flexural 
fatigue  machine  indicated  a fatigue  limit  of  37; 000  psi  for  the  same 
iron, ) 

Also  shown  in  Pigs.  8 and  9 are  the  data  obtained  in  testing  by 
the  Prot  method;  the  final  fracture  stress  has  been  plotted  at  the 
corresponding  total  number  of  cycles  to  failure.  As  would  be  expec- 
ted, these  data  fall  above  the  conventional  S-N  curve,  but  tend  to 
become  asymptotic  to  the  fatigue  limit  at  a very  large  number  of  cy- 
cles to  failure  (corresponding  to  the  tests  for  which  the  loading 
rate  a was  snail ) , 

In  Pigs.  10  and  11  the  results  for  the  75S-T  aluminum  are 
shown.  With  an  exponent  of  0,1786*  for  the  loading  rate,  ct,  a 
good  straight-line  plot  of  the  data  was  obtained,  However  when 


* 


See  Appendix  B. 
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plotted  as  a function  of  a0,5°(as  suggested  by  Prot),  the  large 
curvature  in  Pig,  12  was  obtained. 

The  values  of  the  fatigue  limit  (as  obtained  with  n ■ 0,1786) 
wore  17,000  and  20,500  psi  for  Initial  stress  levels  of  10,000 
and  20,000  psi,  respectively.  This  represents  an  increase  of  20, 
in  the  fatigue  limit.  However  the  value  of  the  fatigue  strength 
at  10®  cycles  for  the  75S-T  aluminum  alloy  as  indicated  by  the  con- 
ventional fatigue  test  data  in  Pig,  13  was  approximately  25,000 
psi.  Thus  the  values  from  the  Prot  method  were  considerably  lower 
than  the  fatigue  strength  as  usually  determined.  This  is  consis- 
tent with  the  fact  that  the  value  determined  in  the  Prot  method 
corresponds  to  an  infinite  number  of  oycles. 

Considering  the  above  results,  it  appears  that  before  the  Prot 
method  of  fatigue  testirg  will  be  applicable  to  materials  Bruch  as 
75S-T  aluminum  alloy  (i.e.,  for  materials  which  do  not  exhibit 
linear  plots  of  the  fatigue  data  with  the  exponent  n * 0.50)  it 
will  be  necessary  to  determine  auitable  exponents  for  the  loading 
rate.  Once  the  exponents  have  been  determined  for  particular 
materials,  the  Prot  method  has  possibilities  of  being  a satisfac- 
tory approach  to  comercial  fatigue  testing,  However  for  exacting 
research  investigation,  the  Prot  method  is  limited.  To  determine 
the  correct  exponent  of  the  loading  rate  for  a given  material  to 
insure  a linear  plot,  conventional  S-N  fatigue  teat  data  can  be 
utilized  as  explained  in  Appendix  B.  Per  materials  subjected  to 
various  heat-treating  and  other  metallurgical  processes,  the  task 
of  determining  the  corresponding  loading  rate  exponents  might  offer 
a eerioua  handicap  to  the  Prct  method,  However  several  mathemati- 
cal methods  are  being  Investigated  for  determining  the  correct  ex- 
ponent directly  from  the  data  obtained  in  the  tests  under  uniferaly 
increasing  load.  They  appear  promising  in  offering  a means  of  ob- 
taining not  only  the  most  probable  fatigue  liait,  but  also  may  be 
used  to  estimate  the  probable  error  and  statistical  deviation  that 
may  be  expected  from  data  of  this  type, 

The  scatter  of  the  data  obtained  In  the  Prot  method  needs  fur- 
ther investigation  both  at  high  and  low  rates  of  loading.  At  high 
rates  of  loading  the  amount  of  scatter  is  of  particular  significance 
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since  the  time  element  in  testing  beoomes  important  in  determining 
the  efficiency  of  the  process.  Investigation  of  additional  mater- 
ials by  the  Prot  method  is  needed,  particularly  for  metals  exhibit- 
ing no  well  defined  fatigue  Halt,  and  a study  of  the  effect  of 
stress  concentrations  {notohea,  Iceyways,  grooves,  etc,)  on  the 
fatigue  limit  as  detemined  by  the  Prot  method  would  be  of  interest 
for  design  applications. 

Further  experimental  studies  are,  therefore,  being  conducted 
qb  a part  of  this  general  research  program.  Notched  and  unnotchtd 
specimens  will  be  investigated  for  an  ingot-iron,  an  alloy  steel, 
and  a boron  steel  of  relatively  high  hardness.  These  will  be 
representative  of  a wide  range  in  hardness  and  strain-aging  charac- 
teristics for  ferrous  metals  and  thus  furnish  data  for  a more  ex- 
tensive appraisal  of  the  Prot  method. 
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V.  CONCLUSIONS 

1*  For  ingot-iron  the  Prot  method  of  fatigue  testing  using  _ 
either  0*371  or  Q.50  as  the  exponent  of  the  leading  rate,  gave  re- 
sults which  compared  favorably  with  the  ordinary  methods  of  fatigue 
testing'.  For  high  ratss  of  load  increase,  the  ingot-iron  failed  by 
yielding  before  a oracle  appeerdd, 

2.  The  value  of  the  enduranoe  Halt  of  ingot-iron  was  only 
slightly  affected  by  ohanges  in  the  exponent  used  in  plotting  the 
loading  rate;  a change  of  34.80  in  the  exponent  resulted  in  changes 
of  3.67^  and  6,35#  in  the  dnduranoe  limit  for  tests  started  at  ini* 
till  stress  levels  of  10,000  psi  and  30,000  pel,  respectively* 

3.  Raising  the  initial  stress  level  from  10,000  pal  to  30,000 
psi  raised  the  enduranoe  limit  of  the  ingot-iron  by  only  800  to 
1800  pai,  the  amount  depending  upon  whioh  value  of  the  exponent  n 
was  used  to  interpret  the  data. 

For  75S-T  aluminum  alloy,  the  0,50  exponent  as  proposed  by 
Frot  gave  a non-linear  function  that  could  not  be  satisfactorily 
extrapolated  to  obtain  the  fatigue  strength,  inly  for  one  exponent 
of  the  loading  rate  (n  ■ 0,1786)  did  the  Prot  method  give  results 
that  could  readily  be  interpreted.  Changing  the  initial  stress 
level  of  the  755 -T  aluminum  alloy  from  10,000  psi  to  20,000  pal  in- 
creased the  indicated  fatigue  limit  from  17,000  psi  to  20,500  psi; 
as  values  determined  by  the  Prot  method  correspond*  to  an  infinite 
number  of  cycles,  these  values  ware  somewhat  below  the  fatigue 

g 

strength,  of  25,000  psi  at  10  cyoles  as  determined  from  thy  conven- 
tional S-N  diagram* 

5*  Ihe  Prct  method  of  fatigue  testing  appears  applicable  for 
rapid  estimation  ©f  the  fatigue  strength  in  certain  typei  of  com- 
mercial testing,  particularly  for  materials  for  whioh  a linear  plot 
ia  obtained  with  the  exponent  n aeaisoed  to  be  0,50  or  for  materials 
for  which  an  accurate  value  for  n may  be  obtained  readily, 
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APPENDIX  A 

THECRY  C?  FROT  METHOD  0?  FATIQUE  TESTING 

The  S-N  curve  for  a material  is  obtained  by  drawing  a curve 
through  a series  of  experimental  test  point*  found  from  conven- 
tional fatigue  tests  at  ccnetant  stress  amplitudes.  These  experi- 
mental test  points  are  plotted  usually  with  the  leg  of  the  cycles 
as  the  abscissa  and  the  stress  as  the  ordinate,  the  resulting  curve 
consisting  ordinarily  of  two  straight  lines. 

Per  the  case  cf  small  scatter,  Prot  assumes  that  if  a linear 
scale  is  used  to  plot  the  oycles,  the  fatigue  curve  may  be  assumed 
without  large  error  to  be  asymptotic  to  both  the  vertical  axis  and 
the  endurance  limit  and,  in  addition,  to  be  a hyperbola  in  the 
region  of  the  endurance  limit, 

Assuming  the  endurance  limit  is  one  axis  of  the  hyperbola,  the 
equation  of  the  fatigue  curve  is  then: 

pH  - K Eq.  A-l 

where  p is  the  amount  by  whioh  the  atress  in  the  specimen  exceeds 
the  endurance  limit,  N is  the  number  of  cycles  to  failure  end  K is 
a constant.  When  the  usual  notations  are  used,  the  equation  can 
then  be  written 

(S-S)H  - K Eq.  A-2 

In  the  progressive  loading  fatigue  teat,  suppose  the  stress  S 
has  an  initial  value  SQ  at  the  time  the  test  is  started,  and  in- 
creases linearly  with  time.  Then  at  any  time 

S - 30  + ON  Eq,  A-5 

whore  N - .cycles,  sad  o is  the  amount  the  stress  increases  each 
cycle,  Equation  A-l  may  then  be  rewritten 

J pdN  - K Eq.  A-4 

o' 
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When  p Is  a constant,  this  equation  represents  the  rectangle  SeABE, 
Pig,  14,  a constant  area  with  the  position  A cn  the  curve. 

Frot  assumes  that  the  above  assumptions  are  still  true  when  p 
is  not  constant,  but  is  a function  of  time,  cf  the  form 

P » P0  + aN  Eq,  A-5 

Substituting  this  value  ©f  p into  Sq.  A-4  gives 

ofl2/2  + pcN  - k’  - 0 Eq.  A-6 

valid  only  for  p0^  E,  This  result  simply  means  that  the  trape- 

zoid ES0RC,  Pig.  14,  has  a constant  area  equal  to  K1  for  all  pos- 
sible positions  of  the  point  R, 

Prot  assumes  that  when  the  initial  stress  SQ  is  less  than  E, 
no  damage  of  the  material  occurs  until  the  stress  S is  greater 
than  the  endurance  limit  B.  The  value  pc  considered  above,  is  then 
zero,  and  using  the  notation  from  Pig,  15 

— f-  - K'  Sq.  A-7 

This  shows  the  area  of  the  triangle  ERC  is  constant  and  that  the 
point  R is  also  on  an  hyperbola  with  the  equation 

(Sr-E)Hr  - 2K 1 Eq.  A-8 

Since  pR  ■ Sp  - E,  and  then  from  Eq,  A-7 

P2r  - 2oK ' Eq.  A-9 

Hence, 

pR  -v'T  . v/SH  - K\ZcT  Eq.  A-10 

or  by  substituting  for  p its  equivalent  value  S-B,  at  fracture  we 
have 


SR  ■»  2 + X vro" 


Eq,  A-ll 


This  is  the  equation  of  a straight  line  intersecting  the 
ordinate  axis  at  the  endurance  limit,  E,  corresponding  to  a - 0. 
Pror.  Eq.  A-ll  it  is  seen  that  the  stress  S~  varies  linearly  with 
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APPENDIX  B 

DETERMINATION  OP  EXPONENTS  OF  LOADING  RATZ 

If  a repeated  stress,  S,  which  ia  less  than  the  enduranoe 
limit,  E,  is  applied  to  a specimen,  the  life  of  the  specimen  will 
be  infinite,  If  a repeated  stress,  S,  which  ia  greater  than  the 
endurance  limit,  E,  ia  applied,  the  fatigue  life  is  finite.  The 
greater  the  difference  (S-E)  the  small  the  fatigue  life,  N.  There- 
fore we  may  write,  in  the  manner  of  Weibull  (3),  a close  approxi- 
mation to  the  shape  cf  the  S-H  curve  as 

N - k(S-E)"m  Eq.  B-l 

which  indicates  that  a plot  of  log  N vs.  log  (S-S)  will  be  a 
straight  line.  In  this  nctationahip  a and  k are  constants  which 
Weibull  has  shewn  to  be  dependent  on  the  material,  By  employing 
Eq.  B-l  (instead  of  the  assumption  of  Eq.  A-l  made  by  Prot ) Henry 
(4)  has  shown  that  m may  be  related  to  the  exponent  of  the  loading 
rate  a in  the  following  mennor 

v n 

- Z + Ka  ***  Eq.  B-2 

i.e.,  the  exponent  of  a is  equal  to  l/(m+l).  Hence  the  exponent 
of  the  loading  rate  is  not  necessarily  a constant  value  of  0,50  as 
indicated  by  Prot  (which  would  require  m » 1)  but  in  general  ia  a 
function  of  the  material  being  tested, 

A procedure  for  determining  the  value  of  m from  conventional 
fatiguo  data  for  a particular  material  is  as  follows! 

1#  Obtain  sufficient  S-N  data  to  determine  an  approximate 
ondurance  limit,  E. 

2,  With  this  approximate  value  of  E,  plot  log  N vs.  log  (S-E). 
Unless  the  approximate  value  of  E is  fairly  accurate,  a curved  line 
will  result. 

3,  If  a curved  line  results,  adjust  the  value  of  E by  small 
amounts  until  a straight  line  is  obtained.  From  Eq.  B-l,  it  is  seen 
that  the  slope  of  the  linear  plot  cf  log  N vs,  log  (S-E)  determines 
m. 
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Proceeding  in  the  manner  outlined  above,  the  values  of  m for 
ingot-iron  and  75S-T  aluminum  alloy  were  found  to  be  1,7  and  4.6, 
respectively  (Pigs.  16  and  17),  The  data  shown  in  these  two  fig- 
ures are  the  same  as  these  previously  shown  (by  open  circles)  in 
Figs.  9 and  The  optimum  leading  rate  exponents  for  a were 

therefore  0,371  and  0.1786,  respectively,  and  these  values  were 
used  for  final  interpretation  of  the  data  obtained  in  testing  by 
the  Prot  method.  See  for  example  Pigs,  3,  4,  10  and  11, 

In  general,  the  above  procedure  would  make  the  Prot  method 
seem  tedious  and  uneconomical  because  it  would  require  acme  data 
to  be  obtained  from  the  usual  types  of  conventional  constant  stress- 
amplitude  tests.  However  the  exponents  n presumably  would  be 
material  constants  and  thus  should  only  need  to  be  determined 
once  for  a given  type  of  material.  Furthermore  it  appears  probable 
that  a direct  method  of  interpreting  the  data  oan  be  developed  that 
will  not  necessitate  the  uae  of  conventional  test  data  for  evalua- 
tion of  the  constants  of  Eq,  B-2,  Farther  study  of  suitable  methods 
of  analysing  the  data  is  now  underway. 
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Fig,  i.  Dimensional  Details  of  Fatigue  Specimens, 


A"  Standpipe 

B- Solenoid  Control  Valve 
C-  Needle  Control  Valve 
D ■ Water  Container 
E - Spring  Hanger 
F-  Automatic  Cutoff  Arm 

G"  Micro-switch,  When  Specimen  Fails  Automatically 
Closes  Solenoid  Control  Valve  and  Electric  Motor 
H - Ball  Bearing  Housing  To  Transmit  Load  To 
Specimen 
I • Specimen 

J - Specimen  Chuck  Of  Rotating  Cantilever  Beam 
Fatigue  Machine 

K*  Electric  Wiring  To  Electric  Motor  Drive 


Fig.  2.  Schematic  Of  Test  Apparatus 
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Fig.  3.  Fatigue  Data  for  Ingot  Iron.  (ob  = 10,000 psi.} 
(Omitting  specimens  that  failed  by  plastic  bending) 


Fig.  4.  Fatigue  Data  for  Ingot  Iron,  (ab  = 30,000  psi) 
(Omitting  specimens  that  failed  by  plastic  bending.) 
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Fig.  5.  Fatigue 
(Omitting  specir 
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Fig.  6.  Fatigue  Data  for  Ingot  Iron,  (as- 30,000  p si.) 
(Omitting  specimens  that  failed  by  plastic  bending.) 
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Fig.  7 Appraisal  of  Prof  Method  for  Ingot  Iron.  ( Oo  = 30,000  psi. ) 


Fig.  9,  S N Curve  for  Complete  Stress  Reversals;  Ingot  Iron  Specime 
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Fig.  13.  S N Curve  for  Complete  Stress  Reversals;  75S~T  Aluminum  Specimens 


?I0.  1“  S-h  Diagram  showing  initial 

stress  level  SQ  above  endurance 
lir.it  Z. 


S-:;  Diagram  showing  initial 
stress  level  SQ  below  endurance 
limit  Z . In  the  ?rot  method  the 
'damage"  represented  by  the-  area 
ii^DEChp,  Is  neglected, 


FIG.  15 


N,  Number  of  Complete  Stress  Reversals 
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riG.  16  vs.  (S-T)  diagram  for  Arr.co  Ingot  Iron  U3lng 
1 » >^,000  pel.  The  elope  of  the  line  is  the 
exponent  a used  In  Sq,  3-2.  m - 0,371 


, Number  of  Cofnplete  Stress  Reversals 


I03  I04 

Stress, (S*E)  psi. 

FIG.  1?  N vs.  (S-B)  dle^xim  for  75^-T  Altmlma  Alloy  uiing 

E - 19 . OOC  pal.  The  slope  of  the  line  is  the  expoc- 


E - 19*000  pai.  The  slope  of  the  line  is 
ent  ra  used  in  3q.  B-2,  m • O.I7S6 
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Managing  Director 
Technical  Department 
Maritime  Commission 
Washington,  D*  c. 

Director 

David  Taylor  Model  Basin 
Department  cf  the  Navy 
Washington  7>  D.  c, 

Tr,  Finn  Jonassen 
National  Academy  cf  Sciences 
2101  Constitution  Avenue,  N.W. 
Washington,  D.  C. 

Com.nandlng  Officer 
U,  S,  Naval  Proving  Ground 
Attn:  Laboratory  Division 

Dahlgren,  Virginia 

Professor  B.  J,  Lazar 
Department  of  Mechanical  Engineer- 
ing 

University  of  Minnesota 
Minneapolis,  Minnesota 
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Dr,  Alfred  Freudenthal 
1044  Madison  Avenue 
New  York  21,  New  York 

Brown  University 
Attn:  W.  Prager 

Providence,  Rhode  Island 

Dr.  L.  R.  Jackson 
Battelle  Memorial  Institute 
505  King  Avenue 
Columbus  1,  Ohio 

National  Advisory  Committee 
Aeronautics 

Aircraft  Engine  Laboratory 
Cleveland  Airport 
Attn:  Library 

Cleveland  11,  Ohio 

University  cf  California 
Attn:  J,  E.  Dcrn 

Berkeley,  California 

Welding  Research  Council 
Attn:  Mr,  W.  Spraragen 

29  West  29th  Street 
New  York,  New  York 


Case  Institute  of  Technology 
Metals  Research  Laboratory 
Attn:  Mr.  L.  J.  Ebert 

Cleveland,  Ohio 

National  Advisory  Committee  for 
Aeronautics 

Structures  Research  Division 

Attn:  R,  F.  Rgrdrath 

Langley  Air  ?rrce  Base,  Virginia 

Chief  of  Naval  Research 
c/o  Navy  Research  Section 
for  Library'  cf  Congress 
Washington  25,  D.  C. 

Central  Air  Documents  Office  (2) 
C ADO -PI 

Wrlght-Patterson  Air  Force  Base 
Ohio 

Air,  Materiel  Command 

Attn:  Materials  Laboratory  WCRTS 

Wrlght-Patterson  Air  Tore*  Base 

Ohio 
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